Introduction
Seasonal delays in puberty have been demonstrated in temperate-zone rodents and lagomorphs. Young born in spring and early summer reach puberty and breed in the season of their birth; off¬ spring born near the end of the breeding season remain sexually immature throughout the winter and do not become fecund until the following spring (Sadleir, 1969; Worth, Charlton & MacKinnon, 1973; Lincoln & MacKinnon, 1976) . Similarly, first ovulation is delayed in lambs born in the fall compared to those born in the spring (Foster, 1981) . The delay in puberty of lateborn offspring presumably evolved to prevent breeding during unfavourable times of year.
Photoperiod is a proximate factor underlying rates of maturation ofthe reproductive apparatus. Maintenance in short daylengths (10 h light and 14 h darkness/day; 10L:14D) from birth de¬ layed gonadal development until about 5 months of age in white-footed mice (Peromyscus leucopus) ; mice kept in a long photoperiod (14L : 10D) were fecund by 60 days of age (Johnston & Zucker, 1980a) . In similar experiments, short daylengths retarded gonadal growth in Microtus agrestis (Grocock, 1981) , Microtus arvalis (Lecyk, 1962) , Peromyscus maniculatus (Whitsett & Miller, 1982; Dark, Johnston, Healy & Zucker, 1983) , Phodopus sungorus (Hoffmann, 1978) and Onychomys leucogaster (Frost & Zucker, 1983) . Studies using constant short photophases indicate that daylengths below a minimal duration inhibit reproductive development. However, the direction of change in daylength also carries predictive information. Animals may respond to progressive increases in daylength in late winter and early spring or to decreases in daylength in July and August to achieve seasonally appropriate adjustments in physiology and behaviour. Thus, the effects of photoperiod on body mass and reproductive development of the montane vole, Microtus montanus, vary as a function of an animal's prior photoperiod history. A 14-h photophase is respectively interpreted as a short or a long daylength, depending on whether the animal previously was maintained on 16-or 8-h daylengths (Horton, 1984) .
The first phase of this study sought to determine rates of reproductive development of whitefooted mice maintained from birth to 60 days of age in photoperiods that simulate the progression of daylengths at different phases of the breeding season. This procedure more nearly approximates natural conditions and may permit ecologically valid conclusions.
White-footed mice in Michigan breed from March to October (Burt, 1946 Adult white-footed mice exhibit spontaneous testicular redevelopment a number of weeks after transfer to a constant short photophase (Johnston & Zucker, 1980b; Lynch & Wichman, 1981) . Eventual development of the gonads also occurs at 4-5 months of age in juvenile mice maintained in constant short days from birth (Johnston & Zucker, 1980a fig. 2b ) and spermatogenic rating (P < 0-001; Text- fig. 2c ).
Mice born into the April and July conditions experienced opposite progressions of photoperiod ; daylengths increased from 12-7 to 150 h for the April-born animals and decreased from 15-0 to 12-6 h for the July-born cohort during the first 60 days of life. April-born mice had the heaviest testes and seminal vesicles as well as the highest spermatogenic ratings. The July group had testes weights comparable to those of April mice; however, seminal vesicle weights and the spermatogenic ratings were lower for July-than for April-born mice (P < 0-02; < 0-004, respectively). Text- fig. 2 fig. 3b ) and seminal vesicle weights. Development of the reproductive system differed between September and October-born mice between 27 December and 30 March (P < 0-002 for all values, F-tests). Much of the difference reflected the earlier maturation of the September mice; between 27 December and 1 February, the September-and October-born mice differed in testicular weight (P < 0-02), seminal vesicle weights (P < 0-03) and spermatogenic rating (P < 0-01). The In contrast to the puberty delay seen in September-and October-born mice, mice born into the April and July photoperiods were sexually mature by 60 days of age. The reproductive apparatus of July-born mice then followed the expected adult pattern : regression during autumn photoperiods and redevelopment beginning in winter, while daylengths were still very short. Gonadal redevelopment in the adult July-born mice and attainment of puberty in October-born juveniles oc¬ curred at similar photoperiods, while September-born animals achieved reproductive competence significantly earlier in the simulated year. Separate populations of early and later breeding individuals have been described in free-living Peromyscus (Fairbairn, 1977 , and references therein); however, the age and previous sexual development of the animals in this field study were not known.
Although constant short photophases effectively delay sexual maturation in several photoperiodic rodent species (Zucker, Johnston & Frost, 1980) , complete spermatogenesis is evident by 5 months of age (Hoffmann, 1978; Johnston & Zucker, 1980a; Frost & Zucker, 1983 ).
Attainment of puberty by juvenile animals kept in short daylengths closely parallels the spontaneous redevelopment of the reproductive apparatus observed in adult rodents during longterm maintenance in short photophases (see Zucker et al., 1980) . The analogy between delayed first-time development and spontaneous redevelopment can now be extended to animals maintained in photoperiods that simulate natural daylengths. It is possible that increases in daylength after the winter solstice in the present study and in the field may accelerate reproductive maturation relative to that of mice maintained in constant short daylengths (see Johnston & Zucker, 1980a) .
The pineal gland mediates the effects of short days on sexual maturation of white-footed mice (Johnston, Boshes & Zucker, 1982) . Pinealectomized mice kept in short daylengths from birth reach puberty at the same age as intact animals kept in long photophases. Furthermore, implants of melatonin delay puberty in mice housed in long photophases (Petterborg & Reiter, 1980 . Eventual maturation of the gonads in juveniles born late in the breeding season, and spontaneous redevelopment in over-wintering adults, probably reflect neuroendocrine refractoriness to the antigonadal effects of melatonin (Bittman, 1978; Zucker et al, 1980 (Lincoln & MacKinnon, 1976) . The basis of the contrasting findings for hares and white-footed mice is not known; perhaps non-photoperiodic factors are significant in synchronizing hares. Food availability (Negus, Berger & Forslund, 1977; Berger, Negus, Sanders & Gardner, 1981 ; Nelson, Dark & Zucker, 1983; Eskes, 1983; Blank & Desjardins, 1984) , ambient temperature (Desjardins & Lopez, 1980) and social factors (Whitsett & Lawton, 1982) all modulate the effects of photoperiod on the reproductive system. Nevertheless, the evidence to date indicates that variation in daylength is probably the primary proximate cue used by white-footed mice in timing seasonal cycles.
